Abstract. Conidiospores of Aspergilliis fwinigatiis were inoculated during the second trimester of pregnancy into a mesenteric vein of 14 heifers and into a jugular vein of three additional heifers. Heifers were killed at intervals after inoculation. Lesions were confined largely to the placentas, livers, and lungs. Placental infection was present in seven of 14 heifers inoculated via a niesenteric vein and in the three heifers inoculated via a jugular vein. Fetal mycotic infection or lesions were not established. Two heifers inoculated via a niesenteric vein aborted. Mycotic granulomas developed in the livers and lungs.
Many investigators have speculated that bovine mycotic placentitis may be secondary to primary mycotic lesions in the lungs or to the introduction of fungus into the genital tract at the time of copulation. Intrajugular and intrauterine routes of inoculation have been used in most attempts t o produce the disease experimentally [2, 8, 101 . The route of natural infection, however, remains an enigma. Primary lesions in the forestomachs, abomasum or intestine may result in metastasis of fungal infection t o the placenta [3, 5, 131 . Such infectious material, presumably conidiospores o r hyphaecontaining emboli, would traverse the portal venous system or appropriate lymphatics.
The portal venous route of experimental inoculation has not been used extensively in attempts to induce mycotic placentitis. KROGH and BASE [13] , however, recently reported success in infecting the placenta of a cow by inoculating conidiospores of A. funugatus into a ruminal vein, a radicle of the portal venous system.
The pathogenesis of experimental bovine mycotic placentitis was described previously [9] . In establishing procedures used in that work, preliminary 
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In heifers 567,573, and 574 conidiospores were inoculated intrajugularly. In the other 14 heifers they were inoculated in a mesenteric vein. 2 Only microscopic lesions were found.
Only gross lesions were found. Estimated gestation in an Angus heifer.
studies were conducted to find a reliable method of producing mycotic placentitis. The present paper reports attempts to infect the placentas of 14 heifers by inoculation of conidiospores of A . fumigatus into a mesenteric vein, a radicle of the portal venous system. For comparison, conidiospores were inoculated into a jugular vein in each of three other pregnant heifers.
Materials and Methods
Fifteen Hereford and two Angus heifers were used (table I) . The Hereford heifers were inseminated at estrus. The Angus heifers were about 5 months pregnant when purchased.
Pregnancy was confirmed by examination per rectum. All animals were penned together and fed a ration of mixed grains and high-quality alfalfa hay.
Conidiospores were inoculated into a mesenteric vein of each of 14 heifers during the second trimester of pregnancy. For 2 days before and 2 days after the inoculation, each heifer was penned separately. Prior to laparotomy, each heifer was tranquilized with promazine hydrochloride1, and the line of intended incision in the right paralumbar fossa was infiltrated with 2.5% procaine hydrochloride. A loop of small intestine was withdrawn, and a suspension of conidiospores was inoculated into a mesenteric vein in the direction of blood flow. Conidiospores were inoculated into a jugular vein of three other heifers.
The conidiospores were from a strain of A . firmigatus isolated originally from the gastric contents of an aborted bovine fetus z. Conidiospores were grown, harvested, counted and plated to determine viability as described previously [9] . They were harvested immediately preceding inoculation, and a predetermined number in 1.5 to 10.0 ml of diluent was administered. The number of viable conidiospores ranged from 34 to 2,400 x lo6.
Heifers were observed and temperatures were taken morning and evening, or more frequently as indicated. Blood samples with and without anticoagulant were taken daily by jugular venipuncture, beginning 2 days prior to inoculation until temperatures returned to the normal range. Thereafter, blood samples were taken on alternate days. Six to 7.0 ml of blood were collected in a vial containing 10 mg of dipotassium ethylenediamine tetraacetate as a dry anticoagulant. Blood smears were made within 30 min after collection and stained with Giemsa stain. Standard methods were used in making total and differential leukocytic counts. The cyanmethemoglobin method and a Coleman Jr. spectrophotometer were used for hemoglobin determinations. An American Optical T-S Meter was used to estimate serum protein. Antibody titers against Brucella abortits, Leptospira pomona and chlamydial group-antigen were determined for paired serum samples taken prior to inoculation and electrocution. The plate screen test was used to test for L.pomona antibody.
Heifers were electrocuted and exsanguinated. The intact uterus was removed and later opened and examined. Samples of two or three selected placentomes and of maternal and fetal liver, kidney, spleen and lung were collected in separate, sterile, plastic bags. Samples of amniotic, allantoic and fetal abomasal fluid were collected in separate sterile syringes. Tissues were ground individually in Ten Broeck grinders and cultured on Sabouraud dextrose agar (SDA) slants in 55-ml screw-capped tubes. One milliliter of each of the fluids was similarly cultured. The loosely capped tubes were held at room temperature for at least 14 days. Placentomal tissues also were cultured in duplicate on 5% sheep-blood agar plates. One set of plates was incubated at 37 " C in a candle jar and examined on the third and seventh days. The other set of plates was incubated aerobically at 37 "C for 5 days and examined daily.
Sparinem, Wyeth Laboratories, Inc., Philadelphia, Pa., Seed culture was supplied by Dr. S. J. CYSEWSKI, National Animal Disease Laboratory, Ames, Iowa.
Complement-fixation tests to determine titer to chlamydia1 group-antigen were performed by Dr. DAVID REED, Veterinary Research and Diagnostic Laboratory, South Dakota State University, Brookings, S.D.
Leprospirapomona antigen. Fort Dodge Laboratories, Inc., Fort Dodge, Iowa.
Tissues for histological examination were fixed in 10% buffered formalin, cut at 6 pm and stained by standard methods [15] . Maternal tissues examined histologically were liver, spleen, kidney, bladder, pituitary, pancreas, adrenal, thyroid, eyes, brain, ovaries, oviducts, uterus, cervix and eight lymph nodes. Sections from a minimum of 10 blocks of each maternal liver and lung and 15 blocks from different placentomes were studied. Fetal liver, spleen, kidney, lung and abomasum were examined. Two adjacent sections from every block of tissue were mounted. One was stained with hematoxylin and eosin (HE) and the other with Gomori's methenamine silver (GMS). Additional sections from three placentomes from each heifer were stained with Giemsa. The Gridley fungus stain and a stain described by YOUNG [24] were used occasionally.
Results
Heifers inoculated via the mesenteric vein had maximum recorded temperatures that ranged from 103.2 to 107. Heifer 570 aborted 20 days after inoculation, and heifer 575 was killed 20 days after inoculation when abortion was imminent. About 7 days before these events, progressive enlargement of the vulva and mammary gland occurred in these two heifers.
The total leukocytic count decreased by 1,000 to 2,500/mm3 in all heifers on the first day after inoculation. In 1 to 2 days, it was equal to or slightly above the preinoculation value and reached a maximum in 6 to 7 days. The total leukocyte count increased by 7,500/mm3 above the preinoculation level in heifer 563.
A neutrophilia and 'shift to the left' occurred 2 4 4 8 h after surgery in the heifers that were inoculated via a mesenteric vein but did not persist for longer than 5 days. The 'shift to the left' was not present in heifers inoculated via a jugular vein. An eosinophilia also occurred after surgery and was usually pronounced by the 22nd day after inoculation and continued for 6 more days. Eosinophilia began on the second day after surgery in heifer 570.
A 5 to 11 Yo decrease in the packed cell volume (PCV) occurred by the third to sixth day after inoculation; with occasional fluctuations, there was a downward trend throughout the period of observation. The level of hemo-globin fell in parallel with the PCV. Serum protein levels did not vary markedly.
Fourteen heifers had been vaccinated, as calves, against B. abortus, and their titers decreased with time. Two unvaccinated Angus heifers were negative at 1 : 50 and 1 : 100 dilutions on brucellosis test prior to inoculation and at electrocution. All sera were negative at 1 : 7 dilution to antibody to L.pomona. Chlamydia1 group antibody titers varied from 1 : 8 to 1 : 128 prior to inoculation and at electrocution, but 12 of the 17 heifers had a one-or twofold increase in titer. Heifers 566 and 563 had titer increases of threefold and fourfold, respectively. Titers of three heifers remained stationary or decreased.
A . furnigatus was cultured from the placentas of nine of 10 heifers that had placental lesions (table I) . Only the placenta of heifer 539 failed to yield the fungus. A. fumigatus was recovered neither from allantoic and amniotic fluids, nor from fetal tissues and abomasal fluid.
The liver and kidney of heifer 539 and the liver of heifer 564 were the only maternal organs from which A. fumigatus was cultured. Bacteria were not isolated.
In seven of 14 heifers inoculated via a mesenteric vein, small localized areas of peritonitis were found at necropsy on those tissues handled during inoculation. The site of inoculation was found in seven heifers. Twelve of the 14 heifers had various numbers of gray, subcapsular foci, about 1.0 mm in diameter, in the liver. Similar foci occasionally were found on the cut surfaces of the liver. In heifer 564, killed 3 days after inoculation, only subcapsular petechial hemorrhages were seen in the liver. Gross lesions were not seen in the liver of heifer 539. Of the three heifers inoculated via a jugular vein, only 573 had gray, subcapsular foci in the liver.
In eight of the 17 heifers, including one of the three inoculated via the jugular vein, a few scattered 1 .O-mm red foci were present under the visceral pleura of the lungs.
Bronchial and mediastinal lymph nodes, or hepatic lymph nodes, were enlarged in 11 of 14 heifers inoculated via a mesenteric vein. In five of those 11 heifers, enlargement of hepatic lymph nodes correlated with enlargement of bronchial and mediastinal nodes. In all heifers in which placental lesions were found, the internal iliac lymph nodes were enlarged. In the heifers inoculated via a jugular vein, lymph nodes other than the internal iliac nodes appeared normal.
In heifer 570, a 0.5-cm, gray, necrotic focus was found in the musculature of the left ventricle of the heart. Also, in each renal cortex, three wedge-shaped, gray areas were seen. Each gray area was external to a 0.5-cm gray mass below the corticomedullary border.
Gross placental lesions were found in 10 of 17 heifers (table I) . The lesions were found in all heifers that were inoculated via a mesenteric vein with 256x lo6 or more conidiospores. A smaller number of conidiospores produced mycotic placentitis less consistently, and none of five heifers that received less than 84x lo6 conidiospores had lesions. The lesions often consisted of gray to yellow columnar areas of necrosis that extended from the base of the placentome to the chorion. There was no precise correlation of placental lesions with other lesions except with enlargement of internal iliac lymph nodes.
All heifers inoculated via a jugular vein had placental lesions. In contrast, only seven of 14 heifers that were inoculated via a mesenteric vein had lesions. Lesions were similar regardless of the route of inoculation, and no consistent pattern of distribution among placentomes was observed. Gross and microscopic features of mycotic placental lesions were described in detail previously [9] .
Microscopic lesions were found consistently only in the placenta and in the maternal liver and lung (table I) . Fungal hyphae were demonstrated readily in GMS-stained sections of placental lesions.
Of 14 heifers inoculated via a mesenteric vein, 13 had microscopic mycotic granulomas in the liver but only seven had them in the lungs. A single histological section of liver often contained as many as five to 25 granulomas, whereas there seldom were more than three in a section of lung. In the heifers inoculated via a jugular vein, there were few granulomas in the liver or lung. Many histologic sections were without lesions, and a single section seldom contained more than two granulomas.
Three days after inoculation microscopic lesions were present in the liver of heifer 564 ( fig. 1 ). Inflammatory infiltrate, predominantly lymphocytes, was in most portal areas, and scattered portal areas also had small hemorrhages. A focal lesion composed of eosinophilic, degenerating and necrotic parenchyma often was adjacent to portal areas ( fig. l) , and similar lesions were randomly scattered throughout the liver. In many of the focal lesions there were erythrocytes, hyperplastic Kupffer cells, nuclear debris, and a few neutrophils and eosinophils. In GMS-stained sections, small hyphae were found nccasionally at the centers of lesions.
At 7 days after inoculation, the liver had numerous discrete granulomas with a distinct zonal structure ( fig. 2,3) . A hypha, frequeritly swollen or bulbous, was positioned at the center. Amorphous eosinophilic material coated some hyphae and sometimes formed radially oriented clubs. An aggregation of neutrophils with a few eosinophils often surrounded the hypha. A hypha within a large giant cell was present at the center of some granulomas. The central area always was surrounded by a zone of epithelioid cells, with or without giant cells, that constituted a large portion of the granuloma. Small numbers of neutrophils and eosinophils often were scattered throughout the zone of epithelioid cells. In most lesions, the granuloma was incompletely delineated from parenchyma, but a few scattered fibrocytes sometimes were oriented in an encircling pattern. This early effort at encapsulation was largely concealed by scattered lymphocytes, neutrophils and eosinophils in the peripheral zone.
At 15 days after inoculation, hepatic granulomas had the same zonal structure as in animals killed 7 days after inoculation, but the zone of epithelioid cells was smaller, and a thick, loose collagenous capsule made up a larger part of the granuloma. A hypha, commonly surrounded by eosinophilic clubs, was seen in numerous lesions. Giant cells were numerous and large. In many portal areas, the collagenous capsule of a granuloma was contiguous with the collagen of the portal area.
At 21 days after inoculation, capsules were of greater thickness around most granulomas in the liver, and hyphae were more difficult to demonstrate than at 15 days after inoculation. At 28 days after inoculation, a rather dense capsule circumscribed most granulomas in the liver. A central hypha was visible but often was irregularly stained, fragmented, or poorly defined. Granulomas tended to be smaller and less numerous. In many instances, sclerotic lesions, believed to be aging granulomas, were incorporated in the collagen of portal areas. Few granulomas were found in the liver by 40 days after inoculation, and they usually were sclerotic ( fig. 4) .
Cellular infiltration of scattered portal areas occurred at all intervals after inoculation. Lymphocytes predominated in the infiltrate and were associated with smaller numbers of plasma cells and neutrophils and occasional eosinophils and macrophages. Plasma cells were seen more frequently in heifers killed 15 or more days after inoculation. The number of portal areas with Fig. I . From heifer 564, killed 3 days after inoculation. A hepatic portal area is infiltrated mainly by lymphocytes. A focus of degenerating and necroticparenchyma is adjacent to the portal area. HE. Fig. 2 . From heifer 568, killed 7 days after inoculation. A lesion is adjacent to a hepatic portal area and contains a centrally located hypha surrounded by neutrophils. HE. infiltrate appeared to be in direct proportion to the number of granulomas in the liver and decreased with time after inoculation.
Throughout the series of heifers, the pulmonary lesions were found close to interlobular septa more frequently than at other sites. Hyphae were not demonstrated conclusively in the few lesions in heifer 564, killed 3 days after inoculation. The small focal pulmonary lesions consisted of a few congested and edematous interalveolar walls with a few intra-alveolar epithelioid cells. Occasional neutrophils and eosinophils infiltrated the lesions.
Mycotic granulomas were seen in the lungs of heifers killed 7 days after inoculation, but they were scarce by contrast with the numerous, discrete granulomas in the liver. Lesions consisted mainly of a small area of congested and edematous interalveolar walls. Epithelioid cells and scattered neutrophils were usually present, and sometimes neutrophils were clustered around a centrally located hypha. A few eosinophils and giant cells were seen in some of the pulmonary granulomas.
By 15 days after inoculation, both discrete granulomas and unencapsulated granulomatous lesions were found in the lung ( fig. 5, 6 ). Plasma cells were more numerous, and large giant cells were frequently seen. Beginning capsular formation was apparent at the periphery of a few lesions ( fig. 5 ). Capsules were quite dense by day 21 after inoculation ( fig. 7) , although some were surprisingly vascular as long as 28 days after inoculation ( fig. 8 ). Few granulomas could be found in the lung by 35 days after inoculation, and sclerotic, terminal lesions were not seen.
The size of microscopic granulomas in the liver and lung varied with the time after inoculation but rarely exceeded 1,000 pm at any stage of development. Most lesions seen 3 days after inoculation were 150-350 pm in diameter. The diameter of a typical granuloma was approximately 500 pm in heifers killed 14 or 21 days after inoculation. By 28 days after inoculation the typical granuloma was approximately 350 ym.
Pulmonary granulomas tended to be slightly larger than hepatic granulomas at all times and often were less distinctly delineated from the surrounding tissue. At any time after inoculation, most granulomas in the Fig. 3 . From heifer 539, killed 7 days after inoculation. A granuloma in the liver. A giant cell contains a hypha and its radially oriented clubs. HE. Fig. 4 . From heifer 562, killed 40 days after inoculation. The sclerotic remains of a lesion in a hepatic portal area. The lesion is the terminal stage of a granuloma that developed around a hypha. HE. lung or liver were of comparable maturity, but a few had features of granulomas of shorter duration, suggesting that a few conidiospores germinated tardily.
Mycotic granulomas in the process of encapsulation also were found in the kidney and myocardium of heifer 570. In the kidney the primary lesions were usually in the peripheral medullary area. The cortex external to each lesion contained fibrotic infarcts.
Discussion
Clinical response was more marked in heifers inoculated via a mesenteric vein, and recovery was more prolonged. These differences are attributed to surgical insult during laparotomy. Once recovery from inoculation had occurred, all heifers appeared normal. This is remarkable in view of the numerous and extensive mycotic lesions in many heifers. The two heifers that aborted appeared normal, although the vulvar and mammary alterations that usually precede parturition occurred. Lack of marked clinical signs is a feature of many diseases that affect the reproductive tract of the The initial decrease in the total leukocyte count after inoculation is similar to that of a localized, acute to subacute bacterial infection [19] . Many neutrophils and moderate numbers of eosinophils migrated from the blood into the mycotic lesions produced by the germinating Aspergillus conidiospores. At the same time, the resulting stress probably promoted lysis of many lymphocytes. Since the 'shift to the left' occurred only in the heifers subjected to surgery, the surgical procedure was, therefore, largely responsible for the increase in immature granulocytes in the blood. The rapid return of leukocytes to the normal level or to slightly above the preinoculation level in 1 to 2 days probably was accomplished by the movement of mature neutrophils into the blood from the reservoir in the bone marrow. This level was maintained by granulopoiesis in the bone marrow. The alterations in cow. Fig. 5 . From heifer 569, killed 15 days after inoculation. This granuloma in the lung is composed of a loose peripheral capsule and an inner zone of epithelioid cells and giant cells. HE. Fig. 6 . From heifer 569. In this granuloma in the lung, a giant cell contains a hypha and its radial clubs. HE. the leukocyte count are considered unrelated to pregnancy. A study of the effects of pregnancy on the hemograms of 60 normal Holstein-Friesian cows indicated no significant effect on the total leukocyte or eosinophile counts, regardless of the month of pregnancy [4] .
Heifers inoculated with spores of A . fumigatus had a marked decrease in the PCV and hemoglobin level as early as 3 days after inoculation. This downward trend, suggesting a mild anemia, continued throughout the observation period. Either the anemia was not sufficiently severe to stimulate erythropoiesis or the bone marrow was depressed, for no immature erythrocytes were evident in the stained blood smears. The serum protein remained constant. Constancy in serum protein levels tended to eliminate the possibility of fluid shifts being responsible for the lowering of the PCV and hemoglobin level. Change in the duration of gestation during the period of experimentation was not considered responsible for the downward trend in the PCV [4, 161. Serologic tests indicated that infection with B. abortus and L. pomona did not occur during experimentation. Increases in chlamydial-group titer in some heifers suggested that exposure to chlamydia or subclinical infections with chlamydia occurred. Subclinical infections with chlamydia can increase the titer to chlamydial-group antigen [14, 22] . Since the change in titer in the 10 heifers with placental lesions never exceeded twofold increases, and since chlamydia could not be found in the placentas, the lesions were attributed to A . fumigatus, which was always demonstrated or cultured. A . fumigatus was cultured from the placentas of nine of 10 heifers in which lesions were found. Failure to isolate fungus from the placenta of heifer 539 was the result of inadequate sampling since a few, small mycotic lesions were later demonstrated.
Failure to isolate A . fumigatus from extragenital maternal organs more than 7 days after inoculation was attributed to two major factors: (1) various defense mechanisms of the dam may have resulted in phagocytosis or loss of viability of conidiospores and hyphae within a few days after inoculation; (2) hyphae that germinated from conidiospores were progressively enclosed in granulomas and rendered nonviable. The first premise is supported by the fact that most of the lesions in a heifer had similar morphological features and, presumably, were of the same age, suggesting that most conidiospores germinated promptly or became nonviable. Also, hyphae in lesions 7 days old, or older, had an eosinophilic coating, or clubs, and often were altered in morphology and staining characteristics. The eosinophilic coating, clubs, and changes in hyphal morphology are considered manifestations of host resistance [ 181, and alterations in staining characteristics may be indicative of hyphal degeneration. The second premise is supported by the presence of discrete, encapsulated granulomas as early as 7 days after inoculation and the progressive reinforcement of encapsulation thereafter.
A . fumigatus was not recovered from the allantoic fluid, amniotic fluid, fetal abomasal fluid, or from the fetal organs. Lesions were not found in fetal organs. These results suggest that although placental lesions were moderately extensive, the fungus had not penetrated the chorion nor had it metastasized through fetal, placental veins. Perhaps the placental fluids and the fetus may be infected only when a few mycotic placental lesions are produced initially and the placentitis develops over a longer interval than permitted in most of these heifers. Further, a large number of initial lesions may result in abortion before the fetus can be infected. The fact that natural cases of mycotic abortion occur more frequently during the last few months of gestation supports the premise that mycotic placentitis slowly increases in extent and severity.
Placental lesions were similar in all heifers, probably because conidiospores metastasize through the placental vasculature after inoculation by either route. The data permit no conclusion as to the relative efficacy of the two routes of inoculation since there were marked differences in the number of conidiospores inoculated, and in the length of the interval after inoculation in various heifers. Likewise, the level of immunity and other factors that influence susceptibility of heifers are unknown. The data illustrate that mycotic placentitis can be induced by either route of inoculation when a sufficient number of conidiospores are inoculated. Inoculation of conidiospores into a jugular vein may be a more reliable method of causing infection and may require fewer conidiospores. Since all heifers that were inoculated via the jugular vein had mycotic placentitis, there is no hint as to the minimal number of conidiospores that might produce mycotic placentitis by that route.
Extragenital gross lesions were largely restricted to the liver, lung and the lymph nodes that drain the liver, lung and uterus. Gross lesions believed to be granulomas in the liver and lung usually could be confirmed by histo-logic examination, providing they were numerous enough to be sectioned fortuitously (table I). All heifers with gross placental lesions had gross or microscopic mycotic granulomas in the liver or lung, but heifers without placental lesions also had such granulomas. In six heifers, microscopic granulomas were found in the liver or lung, although gross lesions had not been seen. Lymph nodes draining infected organs often were enlarged and hyperplastic and reflected the response of theimmunity-producing mechanism inherent in the lymph nodes of individual heifers.
At necropsy, it was not possible to distinguish readily between subpleural granulomas and petechial hemorrhages. Although dark red foci were believed to be granulomas and the bright red foci resembled petechiae, it was concluded after histologic study that most red foci were granulomas with various degrees of hemorrhage or vascularization of the capsule.
Gross mycotic lesions were found in the kidney and myocardium of heifer 570. Similar myocardial lesions were seen by CYSEWSKI and PIER [7] in three of 13 sheep inoculated with conidiospores of A . fumigatus, and similar renal lesions were reported by HILL et al. [9] .
Microscopic features of nonplacental mycotic lesions have been described by others [l, 6, 11, 12, 18, 20, 211 . Many of the features described by these authors are applicable to the granulomas in the livers and lungs of the heifers in the present study. Initial hepatic and pulmonary lesions seen 3 days after inoculation of conidiospores into the mesenteric vein are attributed to metabolites of hyphae within those lesions. It appeared that granulomas later formed in such areas around germinating conidiospores and hyphae. In all heifers the granulomas were encapsulated, sclerosed and largely resolved within 28 to 40 days after inoculation.
These trials do not permit a fair comparison of the efficacy of the liver and lung in sequestering conidiospores within granulomas. In heifers inoculated via a mesenteric vein, the difference in the number of lesions in the liver and lung suggests that the liver removed many conidiospores and only a few reached the lung where additional conidiospores were sequestered in granulomas. Since only seven of the 14 heifers had mycotic placentitis, the liver and lung may have provided adequate protection for the others. In the three heifers that received conidiospores in a jugular vein, there were few mycotic granulomas in the lungs and all the placentas were infected. This suggests that the lung alone is much less effective in removing conidiospores than is the liver.
These trials demonstrate that bovine mycotic placentitis can be produced experimentally by inoculation of conidiospores of A . fumigatus into a mesenteric vein but that the liver has a marked capacity for removing conidiospores from the portal venous circulation. Presumably, emboli containing fungi would be removed with equal or greater effectiveness. Conidiospores that gain access to the nonportal venous system appear more likely to reach the placenta to produce mycotic placentitis.
